and Perilla (10) leaves. Fraction I protein as usually isolated can probably be considered to be crude RuDPCase' since it often contains several other enzymatic activities in addition to that of RuDPCase (15, 18, 36) . We recently reported that intact barley seedlings placed in extended darkness lost soluble protein, almost all of which was accounted for by the enzyme RuDPCase (9, 25) . The results of these investigations are not surprising, since this enzyme is considered to be the major storage protein of many plant leaves (18, 26) . Since RuDPCase is also principally responsible for net fixation of CO2 in plants, its fate during senescence is important. This study is a further extension to show the effects of some chemicals and light on the loss of RuDPCase and to correlate the concurrent development of proteases and esterases during senescence. Evidence is also presented for the turnover of RuDPCase under these conditions. The process of senescence has been studied in intact plants, detached leaves, and leaf discs in both light and dark (31, 37). In general, senescence is speeded by detaching the leaves and/or imposing darkness. Perhaps the most striking changes in senescence are losses of Chl, nucleic acids, and protein (39), accompanied by a general increase in proteolytic activity as measured in vitro. Cytokinins (32, 33, 37) or light (7) 
thesis (32) . Trewavas (35) measured both synthesis and degradation rates accurately in Lemna minor, showing that cytokinin could affect either synthesis or degradation depending on growth conditions. In some plants IAA also inhibits senescence, though the mechanism seems to be different from that for cytokinin (28, 29) .
Recent reports have shown that L-serine accelerated the senescence of oat (23, 30) and tobacco leaves (11) . The effect was most evident in the presence of kinetin (23) . The antagonism between serine and kinetin did not appear to be the result of opposing actions at the same site. Rather, it was suggested that serine might be incorporated into the active center of one or more proteolytic enzymes participating in the senescence process, thereby allowing increased degradation (11, 23, 31) .
Much work has been done showing the loss of total soluble protein during senescence, but comparatively little of it has dealt with isolated fractions, and even less with purified proteins. Several investigations have shown that fraction I protein was the main protein component lost in senescing tobacco (5, 12, 13, 14) and Perilla (10) leaves. Fraction I protein as usually isolated can probably be considered to be crude RuDPCase' since it often contains several other enzymatic activities in addition to that of RuDPCase (15, 18, 36) . We recently reported that intact barley seedlings placed in extended darkness lost soluble protein, almost all of which was accounted for by the enzyme RuDPCase (9, 25) . The results of these investigations are not surprising, since this enzyme is considered to be the major storage protein of many plant leaves (18, 26) . Since RuDPCase is also principally responsible for net fixation of CO2 in plants, its fate during senescence is important. This study is a further extension to show the effects of some chemicals and light on the loss of RuDPCase and to correlate the concurrent development of proteases and esterases during senescence. Evidence is also presented for the turnover of RuDPCase under these conditions. The process of senescence has been studied in intact plants, detached leaves, and leaf discs in both light and dark (31, 37) . In general, senescence is speeded by detaching the leaves and/or imposing darkness. Perhaps the most striking changes in senescence are losses of Chl, nucleic acids, and protein (39) , accompanied by a general increase in proteolytic activity as measured in vitro. Cytokinins (32, 33, 37) or light (7) (6, 22, 27) in both root (6) and leaf (27) tissue. The concentrations of cycloheximide and chloramphenicol were chosen on the basis of previous studies with detached leaves. Cycloheximide from 2 to 8 ,g/ml and chloramphenicol at 100,ug/ml differentially inhibited the incorporation of amino acids into RuDPCase in detached barley leaves (4) . Since the present experiments lasted up to 3 days it was judged that chloramphenicol at 100,ug/ml might be toxic; therefore, the inhibitor was used at 25, 50, and 100,ug/ml.
A mixture of 3H-labeled (G) amino acids was supplied to the excised leaves where indicated in both light and dark treatments. Each treatment received the same amount, 1 uCi/ml at an average specific radioactivity of 18.82 mCi/,tmole.
Preparation of cell-free extracts and assays. Cell-free extracts were prepared as described previously (19) . RuDPCase activity was determined by the method of Kleinkopf et al. (19) by following the conversion of KH"4CO3 into acid-stable products at 28 C. The reaction mixture (0.1 ml) contained the following, in,umoles: ribulose 1,5-diP, 0.5; KH'4CO3, 2.5 (with a specific radioactivity of 0.455 MCi/,tmole); MgC12, 3; tris-SO, buffer (pH 8), 6. The reaction was initiated by adding to the reaction mixture 0.1 ml of an appropriately diluted extract. After 10 min the reaction was stopped by adding 50 ,u1 of 1 N HCI. Aliquots of 0.1 ml were dried on strips of filter paper, placed in a toluene-base scintillator solution, and then counted in a scintillation counter. Ribulose 1, 5-diphosphate was prepared as described previously (8) .
Azocasein (3) was used to measure proteolytic activity. The reaction mixture contained 0.3 ml of 10 mg/ml azocasein, 0.5 ml of 0.2 M sodium phosphate buffer, pH 6, and 0.2 ml of the cell-free extract. After 2 hr at 40 C the reaction was stopped by adding 2 ml of 12% perchloric acid. The precipitated protein was removed by centrifugation, and the absorbance of the supernatant solution was read at 340 nm. One unit of azocasein activity is the amount of enzyme which results in an increased absorbancy of 0.01 per min.
Esterase activity was measured against the synthetic substrates CTN and ANA. Used to measure activity against CTN was a modification of the procedure of Klein and Harpaz (17) . The reaction mixture contained 1.4 ml of 0.1 M sodium phosphate, pH 6.2, and 0.2 ml of cell-free extract, and was started by the addition of 0.2 ml of 2 mm CTN in acetone. After 10 min at 28 C the reaction was stopped with 0.2 ml of 50% trichloroacetic acid, the precipitated protein was removed by centrifugation, and the absorbance of the supernatant solution was measured at 320 nm (17) . Activity against ANA was followed in a spectrophotometer at 310 nm at 28 C by the procedure of Burger et al. (2) . The reaction mixture (3 ml) contained 2.9 ml of 5 X 10-' M ANA in 0.05 M phosphate buffer, pH 7.5, and 0.1 ml of cell-free extract. All reactions were linear with respect to time and enzyme concentration.
Purification of RuDPCase (18), development of the rabbit antibody against RuDPCase (18) , determination of its specificity for RuDPCase by double immunodiffusion in agar (18) , and quantitation (and its validity) of the anti-RuDPCaseprecipitable material (19) were all done exactly as previously described. In the present study, double immunodiffusion of the purified RuDPCase and the antibody showed one band of precipitation. This line showed serological identity with the line that developed between the crude enzyme homogenate and the antiserum. The anti-RuDPCase precipitated 100% of the RuDPCase activity from solution. In addition, the precipitated RuDPCase retained significant enzymic activity when tested for its ability to fix CO.. in a standard reaction mixture.
Incorporation of radioactive label into RuDPCase and total protein was determined by precipitation with, respectively, RuDPCase antiserum or trichloroacetic acid (final concentration 5%) in the presence of unlabeled amino acids. The precipitates were collected by centrifugation. The precipitates were resuspended and washed 3 times with unlabeled amino acids. The precipitates were then collected over Whatman glass-fiber filters (GF-83), and washed with hot 10% trichloroacetic acid, then with 95% ethanol, and, finally, with ethanol and ether (1:1). The filters were dried and counted in a TriCarb scintillation spectrometer using a toluene-omnifluor solution.
Chlorophyll was determined spectrophotometrically from 80% (v/v) acetone extracts of the pelleted cell-debris by the method of Arnon (1). Protein was measured by the method of Lowry et al. (21) . The standard was BSA, fraction V.
RESULTS
Symptoms of senescence appeared within 24 hr in detached barley leaves placed in darkness. Chlorophyll concentration (Fig. 1) , total soluble protein (Fig. 2) , and RuDPCase activity (Fig. 3) Similar treatment effects occurred with RuDPCase protein (Fig. 4) (Fig. 2) and that of RuDPCase protein (Fig. 4) showed little change in the amount of nonRuDPCase protein (Table I) Non-RuDPCase protein is the difference between total soluble protein ( Fig. 2) and RuDPCase protein (Fig. 4) .
Time of Con4o
CHI CAM Serine NH4NO, Kinetin Darkness (C2 mm) (5,g ml-l) ( most of the treatments the loss of soluble protein could be accounted for almost entirely by the loss of RuDPCase protein.
To determine whether protein synthesis occurred while RuDPCase was being degraded, detached leaves were treated with tritiated amino acids in both dark and light. Labeled amino acids were incorporated into RuDPCase even though it was being rapidly degraded (Fig. 5 ). Because transpiration rates were higher, amino acids were taken up more rapidly in light than in dark, resulting in more incorporation and a higher specific radioactivity of proteins in tissue in the light (Fig. 5) . In both light and dark the proportion of the label going into RuDPCase protein represented about one-fifth of the label being incorporated into total protein. Thus, during senescence, RuDPCase protein was synthesized more slowly than was non-RuDPCase protein. Even though the amount of label incorporated into RuDPCase protein and total protein differed between light-and dark-treated leaves, the ratio of radioactivity in the protein to that taken up was the same for both treatments (Fig. 6) The loss of RuDPCase protein and activity was correlated negatively with the appearance of proteolytic activity toward azocasein. Protoeolytic activity was highest in control and serine-treated leaves after 72 hr (Fig. 7) . Kinetin inhibited the development of proteolytic activity, and some inhibition was noted with ammonium nitrate. Chloramphenicol had a negligible effect (less than 20% at 60 and 72 hr). Cycloheximide completely prevented the increase in activity against azocasein.
After an initial lag, RuDPCase in the CaSO4 control was lost at a constantly increasing rate (Fig. 4) that gave an apparent rate constant of 0.011 hr-1 when plotted as the log of the respective quantities (Fig. 8) . The appearance of proteolytic activity as measured against azocasein increased exponentially (Fig. 7) , yielding an apparent rate constant of 0.016 hr-1 when plotted (Fig. 8) . In the present experiments the amount of proteolytic activity measured with CTN ( Fig. 9) No differences were detected among any of the treatments when esterolytic activity was assayed with ANA ( Fig. 10 ). All treatments gave a similar slow decline in activity.
Senescence of detached leaves was slowed but still occurred if they were placed in the light (Table II (23) .
Kinetin had very important effects during senescence of the detached leaves. It almost totally inhibited losses of Chl and RuDPCase protein and significantly decreased the loss of enzymic activity. Kinetin also inhibited the increase in proteolytic activity azocasein.
Other investigations have shown that light retarded losses of Chl (7) and soluble protein (7, 38) in senescing tissue mainly by allowing photosynthesis (7) . In the present study, light protected against a loss of soluble protein by greatly retarding the loss of RuDPCase protein (Table II) . Concurrently, light also inhibited the increase in proteolytic activity against azocasein.
Other investigators have shown that, during the senescence of tobacco (4, 14) and Perilla (10) leaves, fraction I protein, i.e., crude RuDPCase (15, 18, 36) , was lost more rapidly than low mol-wt fraction II proteins, and during the curing of tobacco leaves (12) and senescence of kikuyu grass and oats (40) the chloroplast protein disappears more rapidly than cytoplasmic proteins. Those results, taken with ours, suggest that the chloroplast is a major site of proteolysis early in leaf senescence and that RuDPCase is the major protein hydrolyzed. It has been suggested that RuDPCase could be considered a major leaf storage protein (9, 18, 26) since it occurs in large quantities and is not rapidly turned over (9, 26) . Perhaps the loss of RuDPCase during senescence is a plant response utilizing this "stored" protein so as to maintain itself.
During greening (19, 25) or leaf expansion (8), when RuDPCase is actively synthesized, large amounts of amino acids are incorporated into the enzyme. After those periods of synthesis, however, the enzyme seems remarkably stable unless the plant is put under conditions inducing leaf senescence. We previously reported that little if any turnover (simultaneous synthesis and degradation) of RuDPCase protein was detected in intact green barley leaves (25) under optimal growing conditions. Zucker (41) also observed the stability of RuDPCase in green xanthium leaf discs. He found that little radioactivity was detected in fraction I protein even though significant amounts were incorporated into phenylalanine am- (10) fed radioactive CO2 to fully expanded Perilla leaves only 5% of the activity was in fraction I protein. In our previous work observance of turnover depended upon changes in the specific radioactivity of previously highly labeled RuDPCase protein (25) . Under this condition it is possible that a relatively small amount of synthesis (less than 10% of the total) could have gone undetected. The present study was designed to detect small amounts of incorporation of radioactive amino acids into RuDPCase protein while it was under active degradation during senescence. The results showed that some synthesis did occur in the detached leaves while RuDPCase was being rapidly degraded.
Other differences were detected between non-RuDPCase and RuDPCase protein in the incorporation of amino acids. The specific radioactivity of RuDPCase protein increased linearly with time, while that of non-RuDPCase protein showed a lag of 12 (light treatment) to 24 hr (dark treatment) before linearity occurred. A linear increase in specific radioactivity indicates that the precursor pool(s) are saturated (9). On this basis, then, the precursor pool(s) for synthesis of RuDPCase protein were saturated much faster than those of non-RuDPCase protein.
The difference in incorporation rate between leaves kept in light and dark suggests a similar difference in rate of protein synthesis (Fig. 6) . Such a conclusion would be valid only if there were no change in the specific radioactivity of the protein precursor pool with respect to both leaf treatment and time. Since more labeled amino acids were taken up by leaves maintained in the light it is quite likely that the specific radioactivity of the precursor pool of these plants was also higher. To test this, a ratio was determined of the radioactivity in the soluble fraction to that incorporated into RuDPCase protein and non-RuDPCase protein. The ratio was approximately the same at any given time for both light-and dark-treated leaves (Fig. 6 ). This suggests that, although the total amount of radioactivity incorporated into protein differed between light and dark, the rate of protein synthesis (the fractional part of the label incorporated per unit time) was the same in both treatments. Kemp The results suggest that changes in hydrolytic activities during senescence are not random events but may have a degree of specificity. Activity against azocasein (Fig. 7) increased, against CTN (Fig. 9) changed little, and against ANA (Fig. 10) decreased exponentially with time. The loss of RuDPCase increased exponentially with time, while the bulk of the remaining soluble protein changed very little.
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